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INTRODUCTION
In conventional contact problems it is generally assumed that the substrate consists of an elastic half space or a layered medium (see [1] for a thorough discussion). With the application in foundation engineering in mind, in these problems the main interest has been mostly in the evaluation of the contact pressure.
If the external load is not applied symmetrically, it is also possible to evaluate the "tilt angle" of the rigid stamp simulating the structure [1, 2] . In practice one may also encounter a certain group of foundation problems in which because of the nonuniform stiffness of the substrate the structure may again also an unknown (see [4] for a similar phenomenon in the axisymmetric double contact problems).
In this paper the frictionless contact problem for a plane elastic wedge is formulated for an arbitrary stamp profile. As 
FORMULATION OF THE PROBLEM.
Consider a plane elastic wedge of arbitrary angle e . Let the wedge be subjected to an external load P applied through a frictionless rigid stamp of known profile (Figures la).
The solution of the problem may be obtained by considering either the related biharmonic equation or the Navier's equations under the following boundary conditions:
where g(r) is a known function and P is. the resultant load per unit thickness. Let a and v refer to the following complex stress and displacement combinations: 
y-i°p rovided the integral in (7a) is convergent and in (7c) the strip of regularity containing the constant y is selected in such a way that (the physically imposed) regularity conditions at r=O and at r=-are satisfied. In (6) pi and K are the elastic constants of the wedge (p is the shear modulus, K= 3 -4v for plane strain and K=(3-v)/(l+v) for plane stress, vbbeing the Poisson's ratio).
To formulate the problem it is convenient to obtain first various Green's functions by replacing the mixed boundary conditions (3a) and (3b) by the following concentrated force:
Substituting from (1), (2) and (8) into (6) we find
If the density function f=f(t) is given or determined, substituting from (9) into (6) and inverting, one may obtain the complete solution of the problem. In particular, from (5b), (6b) and (9) it follows that
Instead of (8) if we now assume that
from (3b), (10), (9d), (7c) and (12) we obtain the following integral equation to determine the unknown function f(r):
D(s)
In (13) the strip of regularity containing y is determined from the behavior of stresses or displacement derivatives as r0O
and r+-, namely that they vanish at r=-and at most may have an integrable singularity at r=0. Let
Thus, one way to evaluate the kernel in (13) may be to sum the residues at s k , (k=1,2,...) for r>t and at s-k' (k=1,2,..) for r<t. Noting that (13) gives Bue/ar along the infinite line 0=0, 0<r<o, and the dominant terms for au /ar are of the order 
where s'l is the first root of D(s) to the left of the line Re(s)=-l.
In this problem it is not possible to obtain the roots sk in the closed form. Hence, the resulting infinite series giving the kernel cannot be properly studied for the nature and separation of possible singular parts. To investigate the singular behavior of the kernel it is more convenient to express the inner integral in (13) in terms of a real integral by letting y=-l indenting the contour to the left and defining s+l = iy, log(t/r) = p.
The integral equation (13) may then be expressed as 2e +sin28
As p-*O or t+r the infinite integral in (19) becomes divergent.
Since the integrand is bounded and continuous everywhere in O<y<, the divergence will be due to the behavior of the integrand at infinity and the divergent part of the integral may easily be separated by considering the asymptotic behavior of the integrand as y-. Thus, adding and subtracting the asymptotic part of the integrand to and from the integrand and evaluating the related integral, (19) becomes
It may easily be shown that for b O (20) is an ordinary singular integral equation with a simple Cauchy singularity. This may be seen by observing that
In the special case of 0o=r, using the relation 
1+K
7T b t-r which has a closed form solution for any Hilder-continuous g(r) [6] .
In another special case where e o =21, (i.e., the plane with a semi-infinite crack loaded on one flank) again using (22) it may be shown that (20) reduces to
If we let
which can again be solved in closed form for a given G(s). [6] .
For example, if the stamp has a rectangular profile, g(r)=O=G(s), and the solution (27) satisfying
3. STRESSES AROUND THE APEX OF THE WEDGE.
As indicated before, after obtaining f(t) by solving (20) (12), and (9) we find
rr -l
If we define
the "stress intensity factor" for the cleavage stress at r=O may be expressed as
k(6) = lim rwa (r,e) = 2 ( ) fct -1f(t)dt
Thus, for a given wedge angle 6 o the integral in (35) will be the measure of the intensity of stresses at the apex of the wedge.
-10- From (37) it is seen that a and B are real, a=-0.5, B=0 for 0<0 <7/2, and. -1<<0 for 27r>0 >/2. For example, B=-0.5 for 0 =r, 8=-2/3 for =37r/2, and --1l for -2T. In the crack problem (i.e., 0 =2w) B=-l and it appears that the stresses have a nonintegrable singularity. Since the load is applied at the crack tip (i.e., b=O) this result is expected.
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SOLUTION AND NUMERICAL RESULTS.
The integral equation (20) subject to the condition (4) can easily be solved numerically once the stamp profile g(r) is specified (for the numerical technique see, for example, [7, 8] In the crack and flat stamp problems, the problem may be posed in one of two ways.
In the first one may specify the external load P and the distance of its line of application d. In this case, generally there would be a small rotation 6o of the stamp (or the half wedge away from the net section bc). This quantity may be computed by using the following moment equilibrium condition:
where P is the magnitude of the applied load and noting that f(r)=cr6(r,O ) , + sign refers to the crack and -refers to the stamp problem.
In the second group of problems one may specify the load P and the angle of rotation Eo. In this case d is unknown and is again determined from (38). The practical problem here of course is the determination of d for a given load and no rotation (i.e., :0=0).
In both of these problems the input function in (20) is (see (3b)) Thus, the stress intensity measure ko is nonzero only for w>O (i.e., for 0 >7,b>0), and k(b)
is nonzero only for B<O(i.e., for 0 > /2, b=O).
For e =0 the values given for the distance d indicates that, as expected, d+(c+b)/2 as (c+b) + for a constant a=(c-b)-/2, d>(c+b)/2 for e <'r, d=(c+b)/2 for 0 ='r and d<(c+b)/2 for 00 > where d is the distance at which the resultant load P should be applied for zero rotation of the structure (Figure la) or the halfwedge (Figure lb) . Another physically expected important phenomenon may be observed from the results given for e =600. It is seen that at a value b=Ka, 4<K<5 the sign of the stress intensity factor k(b) changes (meaning that in the stamp problem the wedge "bends" and the contact stress around r=b becomes "tension" and in the crack problem it becomes compression). The technique described in this paper is also applicable for this case. The solution of the crack problem is quite straightforward and may be obtained by using the formulation given in this paper provided one lets b=O (i.e., the crack O<r<b is now closed) and B=O at r=O, with the support of the integral equation (20) The results for a symmetrically loaded stamp (i.e., d=(c+,/2) in the more interesting case of b=0 are shown in Table 2 . In this problem one of the primary unknowns is the rotation eo which is given in the third column. Here the normalizing angle en is defined The constant k which is the measure of the strength of stress singularity at the wedge apex for 8o > is again defined by (42).
In the example it is assumed that b=R=constant and the unknowns c and d are determined from the force and moment equilibrium.
conditions (4) and (38).
For the special case of 0o=T the solution is given by Table 3 . The results for the semicircular rigid stamp, b=R. 
The resultant load P and its distance from the apex d are shown in Figures 4a and 4b , respectively. The results do not appear to be significantly different from those obtained for the half plane.
Hence no extensive numerical work was carried out regarding this example.
The receding contact problem for small wedge angles is considered as a last example. The results for a 60-degree wedge acted
upon by a flat-ended rigid stamp are given in Table 4 
where F(r) is again bounded in b<r<c.
In the numerical example, in order to avoid the iteration to determine b the problem is solved for a constant stamp rotation, i.e., Table 4 . The results for a flat stamp on a 60-degree wedge, f(r) = F(r)j(r-b)/(c-r)] . 
>0
g(r)=EO=constant, and.for each given b the load P is determined.
The results are shown in Table 4 . The normalization constants which appear in the table are defined by it is seen that the unknown function is f(r)/P and b=0.7104c is really independent of the magnitude of the applied load P. This conclusion is typical of the general receding contact problems.
From other trial solutions it was also found that it is not possible to obtain any solution in the form of (48) (i.e., with a sharp stamp corner at c and smooth contact at b) for E0<0. This, of course, is the result one would expect physically.
